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Abstract — The BR-277 is one of the main routes for several products, including hazardous products, causing 
great concern due to the problems they can cause to the population and the environment in case of an accident. 
The section of the highway that connects Guaraniagu to Foz do Iguagu is in an essential hydrographic region 
with three main watersheds for the state: the Piquiri, Lower Iguazu and Parana 3 basins. The study was a survey 
from 2013 to 2017 of traffic and accidents involving the transportation of hazardous products in 209 kilometers, 
in the stretch from km 493 to 730 of BR-277 (Guaraniagu to Foz do Iguagu), highlighting the socio- 
environmental impacts to the urban and rural sources that they can cause in the event of accidents. The data was 
qualitatively analyzed and presented in graphs. The road administrators provided the traffic data, classes, and 
collisions with hazardous products. The percent of hazardous cargoes was 27 in 2013; 21 in 2014; 15 in 2015; 
19 in 2016; and 18 in 2017 — Summing 27501 hazardous cargos for the period. The most transported products 
were flammable liquids, gases, hazardous, and corrosive substances. There were nine accidents with dangerous 
products in the stretch, the km 584 showed the highest accident record, with 414 accidents in 5 years. Due to 
high road haulage, traffic, and the number of accidents in the region, preventive and mitigating measures must 
be taken. Such as accident risk training for public and private managers and employees working with this type of 
transportation and reinforcement of the signaling of critical and water source areas. 

Keywords— Accidents prevention, Contamination of Water Resources, Hazardous loads. 


I. INTRODUCTION 

One of the main highways in Brazil and the state of 
Parana is BR-277, which, together with BR 369 and 467, 
are strategic routes for the transfer of products and grains 
to other states and countries (Der, 2019). It has a length of 
730 km, beginning at the Port of Paranagua and ending at 
the Friendship Bridge, in Foz do Igua£u. It is of high 


strategic relevance as it connects Brazil with the 
Argentine and Paraguayan border. 

Thus, constituting a vital route of connection between 
Mercosur countries and playing a significant role in the 
flow of agricultural products produced in the state of 
Parana and directed to exports and imports (Balbo et al., 
2011). 
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For this reason, the highway has heavy traffic of the 
road, being the most used means for the transportation of 
both passenger and cargo vehicles, and maybe products 
and inputs for agricultural, livestock, commercial, and 
industrial activities. 

The state of Parana presented a gross domestic 
product (GDP) value in 2013 of R $ 333,481 million, an 
increase of 17% five years later. Thus, in 2017 was 
recorded a GDP of 421,914 R $ million and of these, 22% 
corresponds to agricultural and agricultural activities 
(Ipardes, 2018). 

In 2017 in the state, 19,829,990 tons (tons) of 
soybeans, 18,225,121 tons of corn, and 2,225,344 tons of 
wheat were produced (Ipardes, 2019). One of the regions 
of the state that stands out in the production of these 
grains is the western region, which due to the growth and 
modernization of these agricultural activities, in recent 
years has intensified the production and marketing of 
these grains (Reis, 2017). In 2017, production in the 
region was 3,788,757 tons of soybeans, 4,748,065 tons of 
corn, and 231,429 tons of wheat. 

Thus, the demand for agricultural and agricultural 
products increased significantly, to meet the structure of 
the region's agro-industrial production matrix, leading to 
the growth of infrastructure and urbanization, 
contributing to the expansion and offer of services 
associated with the transportation of these products 
(Correa, 2009). 

BR-277 has become a strategic route from an 
economic point of view, is one of the main ways for the 
flow and distribution of agricultural inputs such as 
fertilizers, fungicides, pesticides, and herbicides used in 
plantations (Reis, 2017). 

In addition to the transportation of agricultural 
products, another demand in the region is chemicals, due 
to its industrial expansion, contributing to regional 
development, it is estimated that 26% of Parana's GDP 
originates from its industrial activities (Wongtschowski, 
2012; Ipardes, 2018). Thus, as the demand for these 
products increases, so does their transportation traffic, 
which, due to their physical and chemical characteristics, 
may be considered dangerous. 

According to the resolution of the National Land 
Transportation Agency (ANTT) No. 420/04, it is called 
dangerous products, all substances, or articles found in 
nature or produced by any process that, due to their 
physical and chemical characteristics, pose a health risk, 
for public safety or the environment. 


Thus, a product is classified as dangerous because of 
its characteristics and its transport. The United Nations 
(UN) has adopted technical criteria for its classification 
based on its physical, chemical, and toxicological 
properties, such as pressure, temperature, toxicity, 
corrosivity, radioactivity, flammability, explosiveness, 
infectives. These aspects also help in identification at the 
moment of transportation (Teixeira, 2010). 

The transport of these substances cannot be treated as 
any other goods, since in the event of accidents or 
collisions with vehicles carrying hazardous cargo, in 
addition to the loss of life and material damage that 
usually occurs, this extends to severe environmental 
damage, such as contamination of water bodies and soil 
(Rechkoska, Rechoski; Georgioska, 2012). 

The highways are intercepted by water bodies, 
permanent preservation areas, and legal reserves, as well 
as surrounding rural, indigenous, and riverside 
communities. Thus, rivers near highways are generally 
used for public supply. Accidents with hazardous 
products near waterways can cause severe environmental 
damage and may have several effects, spreading through 
the contamination of these water bodies, compromising 
their natural characteristics and surroundings, and 
harming individuals who depend in some way on this 
resource (Canto, 2014). 

Thus, there is a concern regarding the social and 
environmental impacts that accidents with dangerous 
products can cause, on ecological and social risks and 
vulnerabilities of water resources, which are presented in 
studies by Martinez-Alegrfa; Ordonez; Taboada(2003), 
Bubbico; Di Cave and Mazzarotta (2004), Nardocci and 
Leal (2006), Pedro and Costa (2009), Souza (2009), 
Teixeira (2010), Balbo et al. (2011), Beltrami; Freitas et 
al. (2013), Andrade (2016), Cordeiro et al.(2016), Tinoco; 
Nodari and Pereira (2016), Machado et al. (2017), 
Siqueira et al. (2017), Machado et al. (2018), Troglio et 
al. (2018). 

The BR 277 stretch from kilometer (km) 493 
(Guaraniagu) to km 730 (Foz do Igua£u), is a crucial 
hydrographic region known as the watershed of three 
relevant watersheds of the Parana state, the Piquiri basin, 
do Baixo Igua£u and Parana 3, where they have water 
sources close to the highway, which has intense road 
traffic. Therefore, the objective of this study was to 
conduct a survey of traffic and accidents that occurred 
with the transportation of dangerous products along the 
BR 277 (Guarania£u to Foz do Igua£u) stretch, 
highlighting the social and environmental impacts that 
can cause, in case of accidents, to urban and rural springs. 
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H. METHODOLOGY 
2.1 Area of study 

It contemplated the stretch of the survey, from Km 493 
to 730 of BR-277, between the cities of Guarania§u to Foz 
do Igua£u, located in western Parana. We considered 209 
km and the coverage of 11 municipalities, namely: 
Guarania 5 u, Ibema, Catanduvas, Rattlesnake, Santa Tereza 
do Oeste, Blue Sky, Matelandia, Medianeira, Sao Miguel 
do Igua£u, Santa Terezinha de Itaipu and Foz do Igua£u. 
The chosen route was due to the vast and vital 
hydrographic region, which is close to the BR-277 
highway, as shown in figure 1 — Area of water dividers 
between three critical watersheds: Parana 3, Baixo Igua§u 
and Piquiri (Covatti, 2006), (Figure 1). 



Fig. 1: Study area excerpt KM 493 A 730 from BR 277 
(Guaraniagu to Foz do Iguagu, Parana) 

SOURCE: The authors 2018. 

2.2 Data Analysis 

Data for all vehicles that circulated, transporting 
hazardous products, through the three toll plazas along the 
study stretch, referring to the two-way (east/west) and 
(west/east) of the state, were acquired through of the 
concessionaire that manages the road. Thus, the traffic of 
hazardous products during the period from 2013 to 2017 
then, analyzed qualitatively and presented through graphs, 
for a better understanding of the results. 

Thus, the main classes of hazardous products that had 
the most circulation in the stretch and those with low traffic 
were listed, such as 1 (explosives), 4 (flammable solids), 5 
(oxidizing substances and organic peroxide) and 6 (toxic 
and infectious substances), which have been grouped and 
presented in others. There were no records of classes 7 and 
8. These classes are defined by the United Nations (UN) 
(based on their physical and chemical characteristics that 
can cause damage to the environment and the health of the 


population. According to ANTT 420/04, a product or 
article is considered to be hazardous to transport when it 
falls within at least one of the new hazardous product 
classes. 

Thus, it was possible to identify four of the nine classes 
presented above, which refer to class 2 (gases), class 3 
(flammable liquids), class 8 (corrosive substances), and class 
9 (miscellaneous hazardous substances). 

For the composition of the mapping of the critical 
points of the stretch, in which a more significant number of 
general accidents were registered, the database of the 
Superintendence of Water Resources Development and 
Enviroment Sanitation (2007) was used to delimit the 
watersheds and their hydrographic network; for the limit of 
the municipalities, the Brazilian Institute of Geography and 
Statistics (2015); For the delimitation of the highway, the 
base of the National Department of Transport Infrastructure 
(2015) was used. 

Thus, it was possible to identify four of the nine classes 
presented above, which refer to class 2 (gases), class 3 
(flammable liquids), class 8 (corrosive substances), and class 
9 (miscellaneous hazardous substances). 

In the QGIS Software 2.18, the map was prepared, 
which through the coordinates and the accident numbers, it 
was possible to highlight the critical points with the highest 
occurrences of accidents and mark the locations, where 
there were accidents with dangerous products. With the 
help of bibliographic references, the possible social and 
environmental impacts were listed 


III. RESULTS AND DISCUSSION 
3.1 Dangerous Cargo Traffic 

From traffic data, we observed that from 2013 to 2017, 
a total of 27,501 hazardous cargoes were trafficked in the 
analyzed segment (Graph 1). 
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Graph 1: Dangerous cargo flow 2013-2017from KM 493 
to 730 of BR-277(Guaraniagu to Foz do Iguagu, Par and). 

Source: The Authors (2018) 
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Graph 1 shows that in 2013 about 27% of the total 
value was registered; in 2014, 21% were recorded, in 2015 
(15%), in 2016 (19%), and 2017 (18%). 

The reduction from 2013 to 2014 is due to the 
installation of the automatic payment gate service at the tolls, 
as these automatic gateways do not register the vehicle and 
its cargo, and only record the monetary value of its passage 
at the toll booth. This type of system failure, which does not 
record the license plate, description, and types of loads they 
carry, leads to underreporting of the actual number of 
vehicles carrying dangerous goods, which may be much 
higher. Therefore, it is estimated that the values shown in the 
graph could be higher. 

Another point raised was that the year 2015 had a low 
value compared to other years, this is probably due to the 
economic crisis that Brazil has been experiencing in recent 
years, according to the National Transport Confederation 
(CNT) (2017). The 2015 crisis impacted all productive 
activities, in which investments in both infrastructure and 
sectors were reduced. In that year. Gross Domestic Product 
(GDP) fell by 3.8%, and in 2016 there was another 
decrease of -3.6%. Thus, all segments of the economy 
(agriculture, industry, and services) had negative records in 
this period. Barbosa Filho (2017) demonstrates in his study 
that in 2015 Brazil went through what is called the 
“sustainability crisis” due to the series of shocks between 
supply and demand, caused mostly by errors of public 
management. Thus affecting the GDP and directly affecting 
the economic sectors. 


Graph 2 shows traffic related to the transportation of 
various hazardous products, which are conducted daily on 
the stretch of BR-277 that connects Guarania 5 u to Foz do 
Igua§u. 
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Graphic 2: Classes of Dangerous Goods Transported from 
KM 493 to 730 of BR-277 (Guaraniagu to Foz do Iguagu, 
Parana). 

Source: The Authors (2018) 


Thus, it was possible to identify four of the nine classes 
presented above, which refer to class 2 (gases), class 
3(flammable liquids), class 8 (corrosive substances), and 
class 9 (miscellaneous hazardous substances). 

The most transported class was 3, which refers to 
flammable liquids, i.e., fuels such as gasoline, ethanol, and 
diesel oil. Over the five years analyzed, a total of 16,793 
hazardous cargoes were obtained. In 2013 they were 32%, 
2014 (24%), 2015 (15%), 2016 (16%) and 2017 (13%). This 
frequency is due to the great demand for numerous activities 
that this type of product has, such as the supply of cars, 
trucks, and other equipment, as well as its use in industrial 
and agricultural activities (Pedro; Costa, 2009). 

The second most transported class was 9, which refers to 
hazardous substances totaling 4980 loads. In 2013 there was 
14%; in 2014 (15%), in 2015 (16%), in 2016, there was an 
increase to 26%, and in 2017 the record was 30%. Pesticides 
such as herbicides, fungicides, among others, fall into this 
class. Data released by the Parana State Pesticides Trade and 
Use Monitoring System (SIAGRO, 2019) showed that the 
total pesticides marketed in 2013 was 7,214,300 tons and in 
2017, 5,067,300 tons in the 11 municipalities covering the 
study area. 

These data, in comparison to the transport of class 9, 
contradict, since observing figure 3, it can be noticed that there 
was a smaller flow of dangerous cargoes in 2013 and more 
significant in 2017. However, it is worth mentioning BR-277 
is used as a corridor for the neighboring countries of 
Mercosul, so these numbers of increased class 9 flow, should 
refer to imports of these types of products. 

Class 2 was the third class with the most transport, 
which corresponds to gases that are substances that, due to 
their physical state, move freely, thus expanding 
indefinitely, occupying the entire environment, even when 
having different air densities and may present hazards such 
as being flammable, toxic and corrosive (Cetesb, 2018). 

One of the most traded is Liquefied Petroleum Gas 
(LPG), which is used as a raw material in various 
segments, such as domestic (cooking gas), as fuel, 
commercial, and industrial use. 4.423 cargoes were 
transported during the five years. In 2013 there were 31%, 
in 2014 (21%), for the period from 2015 to 2017 
maintained 16% each year. 

Class 8 includes corrosive substances, which have 
properties known as acids and bases, such as sulfuric acid, 
hydrochloric acid, nitric acid, sodium hydroxide, potassium 
hydroxide, among others. Occurrences involving acids or 
bases that reach water bodies may cause changes in pH and 
conductivity. Besides, contact with these products causes 
burns, damage to living tissue, and death of aquatic 
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organisms, depending on the severity of contamination 
(Gouveia et al. 2014; Cetesb, 2018). 

However, it was the class that had the lowest number of 
records compared to the others, totaling 649 loads in five 
years. It is that in 2013 was 23% in 2014 (25%) 2015 
(16%) 2016 (23%) and 2017 (13%) of the product 
transported loads. 

However, the other “classes 1 (explosives), 4 
(flammable solids), 5 (oxidizing substances and organic 
peroxide) and 6 (toxic and infecting substances)”, which 
had lower traffic were grouped into others. Thus, 
represented in graph 3, the total record of the five years 
was 656 loads. Of the total in 2013 and 2014, 15% were 
transported, in 2015 (11%), in 2016 (17%) and in 2017 
there was a 42% increase, due to neighboring countries, 
especially Paraguay, where Foz do Igua£u border region 
has been developing an industrial hub, thus increasing the 
demand for chemicals. 
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Graph 3. The flow of the other classes carried in the 
stretch of KM 493 A 730 ofBR-277 (Guaraniagu to Foz do 
Iguagu, Parana). 

SOURCE: The authors (2018) 

3.2 Accidents with dangerous goods transport 

The analysis of the general accidents showed that in the 
surveyed segment, 7,233 records occurred from January 
2013 to December 2017. In Table 3, it is possible to 
observe the kilometers that can be considered critical 
points, because it shows a higher number of occurrences 


Table 3: Points of higher occurrence of accidents in the 
study stretch. 


KM 

2013 

2014 

2015 

2016 

2017 

Total 

584 

91 

93 

90 

60 

80 

414 

725 

58 

57 

35 

55 

40 

245 

723 

46 

50 

31 

43 

34 

204 

726 

38 

47 

30 

38 

34 

187 


586 

36 

38 

28 

31 

34 

167 

TOTAL 

269 

285 

214 

227 

222 

1217 


Source: Ecocatarates, 2019. 


According to statistics released by the State 
Coordination of Protection and Civil Defense of Parana 
(2019) from 2013 to 2017, there were 111 occurrences of 
accidents with dangerous products in the state. There were 
nine registrations with vehicles that transported dangerous 
products during the period in the study stretch. 

The km 584 where the clover cataracts are located is a 
vital connecting corridor between BRs - 163, 467, 369, and 
277. In addition to giving access to the municipality of 
Cascavel, in the five years were reported 414 incidents in 
the place. With hazardous products in this location, had a 
record in 2013, with diesel. 

In 2014 there was a record in km 602, according to the 
service agencies, were approximately 30 thousand liters of 
spilled diesel oil, whose area of influence is the Sao 
Francisco River basin, which is not part of the Cascavel 
water abstraction. Thus, the water supply was not affected, 
even though the product reached 25 km away from the 
accident site and could have contaminated other rivers, 
which are part of the Parana basin 3; however, there were 
no reports after it occurred. The responsible environmental 
agency fined the fuel network. 

In light of Law No. 9,605 of February 12, 1998 (Brasil, 
1998), which provides for criminal and administrative 
sanctions arising from conduct and activities that are 
harmful to the environment. Article 54 states that, to cause 
pollution of any kind at such levels as to result or damage 
to human health or causing the death of animals or 
significant destruction of the flora, will have a detention 
sentence of six months to a year and a fine if the crime 
causes water pollution that makes it necessary to interrupt 
public supply of water from a community. 

Thus, diesel oil, due to its molecular weight and its 
constituents, presents itself as less volatile and less water- 
soluble, with reduced mobility, different from gasoline and 
its components (Finotti; Caicedo; Rodriguez, 2001). The 
impacts that this product can cause was demonstrated by 
Freitas et al. (2013), with the changes that Danio rerio fish 
suffered when exposed to high concentrations of diesel and 
gasoline, showing changes in their physiology as aneurysm, 
respiratory epithelial cell necrosis and consequently other 
lesions, demonstrating the high toxicity of these fuels — 
Exposing the risks of these substances to human and animal 
health and the environment. 

Another accident happened in 2017, at km 587, where it 
is a point that has springs near the BR, besides the presence 
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of Paulo Gorski Ecological Park. The transported product 
was characterized as batteries containing liquid acid. This 
type of material is part of class 8 - corrosive substances, ie, 
corrosive liquids, including soluble ones, can alter water 
conditions and can significantly decrease or increase its 
pH, thus making it difficult for many organisms to survive 
(Lew, 2008; RAO, 2008). 

At km 645, near Blue Sky, in 2013, the truck 
transported about 16 thousand liters of gasoline, whose 
three thousand liters of fuel spilled on the highway. 
Already in 2014, at km 546 in Catanduvas, there was an 
accident with aviation kerosene, both products are included 
in class 3 of flammable liquids. 

Finotti; Caicedo; Rodriguez (2001) presented in their 
research the effects of gasoline constituents, namely: 
Benzene, Toluene, Ethylbenzene, and Xylene, known as 
BTEX, which are monoaromatic hydrocarbons classified as 
hazardous. The author classifies benzene as carcinogenic, 
while toluene, ethylbenzene, and xylene are classified as 
toxic. These gasoline constituents have higher water 
solubility, so in case of accidents near water bodies, 
besides contaminating the surface part, it can also reach the 
water table easily. 

Arcuri et al. (2012) demonstrated in their study the 
consequences that gasoline constituents can have on human 
health and contact with the substance or inhalation causes 
several short to long term damages. It highlights some, 
such as central nervous system depression and 
neurobehavioral, hematological, neoplastic, and mutagenic 
changes. 

Also, two pesticide accidents were recorded in 2017; 
one was at km 697 located near the municipality of Sao 
Miguel do Igua£u, which product was Poison Megaxan 75 
wg powder and the other was with ethyl dichlorophosphate 
at km 659, in the urban area of Matelandia. Vehicles 
transporting these products in urban areas, agricultural 
areas, or near environmental preservation areas were found 
to be susceptible to accidents, and, depending on the 
product being transported, leakage may occur. 

Once spilled, this product can be carried into water 
resources, contaminating them, thereby disrupting public 
supply to the population. This problem is intensified in 
municipalities that have only a source of water supply, 
because in case of leakage of such hazardous products, this 
will lead to water scarcity to the population, bringing with 
it various social and environmental problems and health, as 
well as, losses in industry, commerce, and agriculture, 
either due to lack of water or contamination (Siqueira, 
2016). 


In this sense, Scucato (2008) mentions that pesticides 
can be persistent, mobile, and toxic in soil, water, and air. 
In addition to being accumulators in the ground and biota, 
whose residues can reach surface waters, runoff, and 
groundwater by leaching. Thus, an accident with this type 
of product can cause damage to the health of the 
population, such as contact poisoning or the consumption 
of food contaminated by pesticide residues that are difficult 
to measure. In the case of chronic intoxication, it can 
manifest itself through paralytic diseases and neoplasms. 

In 2014, besides the accidents already presented, there 
were two more, one in km 543, near the city of Ibema with 
explosive product, but it was not specified what type of 
product and in km 526 in Guarania§u, with a vehicle that 
carried asphalt emulsion, which is considered a hazardous 
substance as it is a mixture of various compounds and 
usually has kerosene in its composition. Thus, the spillage 
of this product can lead to reduced dissolved oxygen levels 
in water resources, with the possibility of a film-forming 
on the water surface, causing the death of aquatic 
organisms (Petrobras, 2019). 

Therefore, water bodies are more susceptible to 
environmental damage, as it is complicated to control the 
risks and impossible to predict the place and time of these 
accidents (Viana, 2009). These accidents have serious 
consequences, such as injuries and deaths, high property 
damage, traffic stoppage, environmental impact on soil, air, 
and water, as well as damage to fauna and flora, which can 
last for years (Santos; Gois, 2011). 

3.3 Critical points of the study excerpt 

In figure 2, we observe the critical aspects, which were 
considered places that had the highest incidence of general 
accidents and are indicated by the red circle. They are 
located at intersections of the highways with other BR or 
marginal roads. Thus, of the five points, two are located in 
the municipality of Cascavel, km 584, where is located the 
Clover Falls, with a record of 414 accidents and km 586, 
which is the intersection of Bairro Cascavel Velho, with 
167 accidents. The other critical points are located in the 
municipality of Foz do Igua£u, in the following locations: 
km 725 (245 accidents), 723 (204 accidents), and 726 (187 
accidents). Hazardous product incidents were recorded at 
five critical points and one near km 586. 
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Fig.2: Area of occurrence of accidents with dangerous 
loads of km 493 to 730 ofBR-277 (Guaraniagu to Foz do 
Iguagu, Parana). 

Source: The authors, 2019 

Beltrami, Freitas and Machado (2012) analyzed data 
from the sectors of the National Secretariat of Civil 
Defense, the Ministry of Environment and the Ministry of 
Health on accidents with hazardous products, from 2006 to 
2009. Thus, reported that the total number of occurrences 
in four years was 3,601, resulting in an average of 900 
hazardous product accidents per year and 75 per month. In 
the state of Parana alone, there were 275 occurrences in 
this same period. 

The author also points out that even a state that has an 
organized Civil Defense structure, in case of accidents with 
dangerous products, does not have the data registered in the 
national system. 

The Brazilian Institute of Environment and 
Renewable Natural Resources (IBAMA)has a system on 
environmental accidents; however, the last report was 
issued in 2014, and in nine years, 4713 environmental 
disasters were registered in the Brazilian transport matrix, 
which predominates by road (this includes the transport of 
dangerous goods). Thus, accidents with dangerous products 
on Brazilian highways had their highest number of 
registrations in 2013, which were 195, totaling 27% and in 
2014, whose records were 205, making 28.3% of 
occurrences (Ibama, 2015). 


IV. CONCLUSION 

This study demonstrated the need to implement risk 
management since, in five years, nine accidents caused 
considerable environmental and social damage. 

Thus, conducting studies on vulnerabilities and 
preventive actions on the highways can help reduce 
accidents, as well as promote training on the subject, for 
the companies that perform these transports and also for the 


managers of the interests, such as the municipal one, 
environmental and federal, and the strengthening of 
information and educational campaigns for people who 
work in the area, especially the carriers that perform this 
activity. 

Finally, there is the need to encourage preventive and 
mitigating measures such as the improvement of signs and 
delimitation of the most critical areas, such as those near 
water sources, proposing structural measures on the 
highway, for the preservation of watercourses and the 
restoration of the riparian forest environment. 


ACKNOWLEDGEMENTS 

The authors thank the CEPED UNIOESTE Center for 
Education, Research and Extension on Disaster Protection 
and Opportunity for the development of research, the 
Sanitation Company of Parana - SANEPAR for funding, 
the support of the University Center for Disaster Studies 
and Research - CEPED/PR and REDESASTRE, to the 
Development Support Foundation of the State School of 
Philosophy, Sciences and Letters of Paranagua of the State 
University of Parana FUNESPAR, and Ecocataratas S/A. 


REFERENCES 

[1] Andrade, E. L. (2016). Areas de risco ambiental aos 

acidentes com produtos perigosos no trecho alagoano da 
rodovia BR 101 - Uma proposta metodologica. (Dissertajao 
de Mestrado). Institute) de Geografia, Desenvolvimento e 
Meio Ambiente, Universidade Federal de Alagoas, Maceio, 
AL, Brasil. Recuperado de 

http://www.repositorio.ufal.br/handle/riufal/1557. 

[2] Arcuri, A. S. A; Carvalho, A.B.; Douvletis, E.; Machado, 
J.M.; Amorim, L.C.A.; Rego, M.A.V.; Lima, M.R.C.R; 
Pezuti, R. (2012.) Efeitos da exposigao ao benzeno para a 
saiide. Sao Paulo: Fundacentro. 

[3] Balbo, F.A.N.; Gramani, L.M.; Neto, A.C. (2011, agosto). 

Estudos dos Acidentes em Rodovias por meio de Analises 
Multivariada. In: Anais do XLIII Simposio Brasileiro de 
Pesquisa Operational. Ubatuba. Recuperado de 

http://www.din.uem.br/sbpo/sbpo201 l/pdf/87700.pdf. 

[4] Barbosa Filho, F.H. (2017) A crise economica de 2014/2017. 
Estudos Avangados, 31 (89), 51-60. doi: 10.1590/s0103- 
40142017.31890006. 

[5] Beltrami, A. C.; Freitas, C. M.; Machado, J. H. M. (2012) 

Acidentes com produtos perigosos no Brasil, no periodo 
2006-2009: analise dos dados dos sistemas de informafoes 
como subsldio as a§oes de vigilancia em saiide ambiental. 
Epidemiol. Serv. Saiide, 21, 3, 439-448. Doi: 

10.5123/S 1679-49742012000300009. 

[6] Brasil. Lei n° 9.605. de 12 de fevereiro de 1998. Dispoe 
sobre as san^oes penais e administrativas derivadas de 


www.iiaers.com 


Page | 200 










International Journal of Advanced Engineering Research and Science (IJAERS) 
https://dx.doi.org/10.22161/iiaers.74.24 


[Vol-7, Issue-4, Apr- 2020] 
ISSN: 2349-6495(P) / 2456-1908(0) 


condutas e atividades lesivas ao meio ambiente. Recuperado 
de http://www.planalto.gov.br/ccivil_03/leis/L9605.htm. 

[7] Brazilian Insitute of Geography and Statistics. (2015). 

Parana city limits. 

ftp://geoftp.ibge.gov.br/organizacao_do_territorio/malhas_te 
rritoriais/malhas_municipais/municipio_2015/. 

[8] Bubbico, R.: DI Cave, S.; Mazzarotta, B. (2004) Risk 
analysis for road and rail transport of hazardous materials: 
simplified approach. Journal of Loss Prevetion in the 
Process. 17, 477-482. 

[9] Canto, T. (2014). Modelo conceptual de piano de seguranga 
da dgua do agude Belinzoni de Ararangua - SC (Trabalho de 
Conclusao de Curso Especializagao). Universidade do 
Extremo Sul Catarinense (UNESC), Criciuma, SC, Brasil. 
Recuperado de http://repositorio.unesc.net/handle/l/2506. 

[10] Companhia Ambiental do Estado de Sao Paulo (CETESB). 

(2018) Gases. Recuperado de 

https://cetesb.sp.gov.br/emergencias-quimicas/aspectos- 
gerais/perigos-associados-as-substancias-quimicas/gases/. 

[11] Companhia Ambiental do Estado de Sao Paulo (CETESB). 
(2018) Substancias Corrosivas. Recuperado de 
https://cetesb.sp.gov.br/emergencias-quimicas/aspectos- 
gerais/perigos-associados-as-substancias- 
quimicas/substancias-corrosivas/. 

[12] Confederagao Nacional do Transporte (CNT). (2017) 

Transporte rodoviario: desempenho do setor, infraestrutura e 
investimentos. Brasilia. Recuperado de 

http://cms.cnt.org.br/Imagens%20CNT/PDFs%20CNT/Estud 
os%20CNT/estudo_transporte_rodoviario_infraestrutura.pdf. 

[13] Cordeiro, F.G.; Bezerra, B. S.; Peixoto, A.S.P.; Ramos, 
R.A.R. (2016) Methodological aspects for modeling the 
environmental risk of transporting hazardous materials by 
road. Transportation Research Part, 4, p. 105-121. 
doi: 10.10162016.02.008. 

[14] Coordination of Protection and Civil Defense of Parana. 
(2019) Statistics of Accidents with Hazadous Products in 
Parana. 

http://www.defesacivil.pr.gov.br/modules/conteudo/conteud 

o.php?conteudo=39. 

[15] Correa, L. R. (2009). Sustentabilidade na Construgdo Civil. 
(Monografia Especializagao). Curso de Engenharia Civil, 
Gestao e Tecnologia na Construgao Civil, Escola de 
Engenharia UFMG, Belo Horizonte, MG, Brasil. 

[16] Covatti, J.A.C. (2006). Caracterizagao Quali-quantitativa da 
Agua do Rio Cascavel. 2006. (Dissertagao de Mestrado). 
Curso de Engenharia Agricola, Engenharia de Recursos 
Hrdricos e Meio Ambiente, Universidade Estadual do Oeste 
do Parana (UNIOESTE), Cascavel, PR, Brasil. Recuperado 
de http://tede.unioeste.br/handle/tede/2891. 

[17] Departamento de Estradas e Rodagem. Rodovias do Estado 
do Parana (DER) (2019) Recuperado de 
http://www.der.pr.gov.br/modules/conteudo/conteudo.php7c 
onteudo=4. 

[18] Freitas, R.A.; Correia, K.M; Tavares; M.G.O; Oliveira, 
G.M.C. (2013) Avaliagao das branquias de Danio rerio 
expostos a diferentes concentragoes de gasolina e diesel. 
Pesticidas. Revista de Ecotoxicologia e Meio Ambiente, 23, 


59-66. 

[19] Finotti, A. R.; Caicedo, N. O. L.; Rodriguez, M. T. R. (2001) 
Contaminagoes subterraneas com combustrveis derivados de 
petroleo: toxicidade e a legislagao brasileira. Revista 
Brasileira de Recursos Hidricos, 6 (2), 29-46. 

[20] Gouveia, J.L.N; Greif, S.; Haddad, E.; Vasconcellos. A.R.; 
Pieri, A.F.; Ferrante, A.; Pioli, A.; Bezerra, A.C.; Silva, A.; 
Lopes, C.F.; Prado, E.; Poffo, I.R.F.; Parmagnani, L.F.; 
Baptista, L.O.; Lainha, M.A.J.; Teixeira, M.S. (2014) 
Manual de Atendimento a Emergencias Quimicas. Sao 
Paulo: CETESB, p. 288. 

[21] Instituto Brasileira do Meio Ambiente e dos Recursos 

Naturais Renovaveis (IBAMA). Relatorio de Acidentes 
Ambientais (2015). Recuperado de 

https://www.ibama.gov.br/phocadownload/relatorios/acident 
es_ambientais/ibama-2014 
relatorio_acidentes_ambientais.pdf. 

[22] Instituto Paranaense de Desenvolvimento Economico e 
Social (IPARDES) (2018). PIB do Parana - Resultados do 
2° trimestre de 2018. Recuperado de 
http://www.ipardes.gov.br/pdf/nota_de_divulgacao_PIB_2_ 
Trim_2018.pdf. 

[23] Instituto Paranaense de Desenvolvimento Economico e 

Social (IPARDES) (2019). Produgao e Produtividade dos 
principals produtos agricolas do Parana 1986-2019. 
Recuperado de 

http://www.ipardes.gov.br/pdf/indices/produtos_agricolas.pd 
f. 

[24] Lew, K. (2008) Acids and bases. New York: Infobase 
Publishing. ISBN 0791097838, 9780791097830. 

[25] Machado, E.R.: Junior, R.F.V.; Fernandes, L.F.S.; Pacheco, 
F.A.L. (2017) The vulnerability of the environment to spills 
of dangerous substances on higway: A diagnosis based on 
multi criteria modeling. Transportation Research Part D: 
Transport and Environmet, 62, 748-759. 

[26] Machado, E. R.; Junior, R.F.V.; Pissarra, T.C.T.; Siqueira, 
H.E.; Fernandes, L.F.S.; Pacheco, F. A.L. (2018) Diagnosis 
on Transport Risk Based on a Combined Assesment of Road 
Accidents and Watershed Vulnerability to Spills of 
Hazardous Substances. International Journal of 
Environmental Research and Public Health, 15, 1-14. 

[27] Martmez-Alegrra, R.; Ordonez, C.; Taboada, J. (2003) A 
Conceptual Model for Analyzing the Risks Involved in the 
Transportation of Hazardous Goods: Implementation in a 
Geographic Information System. Human and Ecological 
Risk Assessment: An International Journal, 9,3, 857-873. 

[28] Nardocci, A. C.; Leal, O. L. (2006) Informagoes sobre 
acidentes com transporte rodoviario de produtos perigosos 
no Estado de Sao Paulo: os desafios para a Vigilancia ern 
Saude Ambiental. Saude e Sociedade, Sao Paulo, 15 (2), 
113-121. 

[29] National Departament of Transport Infrastructure. (2015). 

Limitation of Brazilian highways. 

http://www.dnit.gov.br/mapas-multimodais/shapefiles. 

[30] Pedro, F. G., Costa, D.G. (2009) Vulnerabilidade e 
Gravidade ambiental devido a acidentes com transporte 
rodoviarios de combustrveis no municrpio de Campinas - 


www.iiaers.com 


Page | 201 





International Journal of Advanced Engineering Research and Science (IJAERS) 
https://dx.doi.org/10.22161/iiaers.74.24 


[Vol-7, Issue-4, Apr- 2020] 
ISSN: 2349-6495(P) / 2456-1908(0) 


SP. Revista Brasileira de Cartografia, 4 (61), 301-320. 

[31] Petroleo Brasileiro S.A. (PETROBRAS) (2019) Gas 

Liquefeito de Petroleo - Informagdes Tecnicas. Rio de 
Janeiro: Escola de Ciencia e Tecnologias de Abastecimento - 
Universidade Petrobras - Recursos Humanos, 2013. Manual 
Tecnico. Recuperado de 

http://sites.petrobras.com.br/minisite/assistenciatecnica/publi 
c/downloads/manual-tecnico-gas-liquefeito-petrobras- 
assistencia-tecnica-petrobras.pdf. 

[32] Rao, A.A. (2008). Chemistry of Water. New Delhi: 
International Pvt Ltd Publishers. 

[33] Rechkoska, G.; Rechkoski, R.; Georgioska, M. (2012) 
Transport of dangerous substances in the Republic of 
Macedonia. Procedia social and Behavioral Sciences . 44, 
289-300. doi: 10.1016/j.sbspro.2012.032. 

[34] Reis, C. R. D. (2017). Agronegocio e urbanizagao: a relagao 
rural-urbano em Cascavel/PR (Disserta§ao de Mestrado). 
Universidade Estadual do Oeste do Parana, Marechal 
Candido Rondon, PR, Brasil. Recuperado de 
http://tede.unioeste.br/handle/tede/2994. 

[35] Resolugdo N° 420, de 12 de fevereiro de 2004. Aprova as 
Instru§oes Complementares ao Regulamento do Transporte 
de Terrestre de Produtos Perigosos. Diario Oficial da Uniao. 
Brasilia, 12 de fev. 2004. Recuperado de 
http://www.sbpc.org.br/upload/conteudo/320110405154556. 
pdf. 

[36] Santos, T.; Gois, J. C. (2011) Analise de riscos no transporte 
rodoviario de combustlveis lrquidos e gasosos em Portugal: 
rela§ao entre a sinistralidade e o trafego. Territorium, 18, 
125-131. 

[37] Scucato, E. (2008). Perfil dos residuos de agrotoxicos 

identificados pelo Programa de Analise de Residuos de 
Agrotoxicos {PARA), no estado do Parana, no periodo de 
setembro de 2002 a dezembro de 2007 (Monografia de 
Especializa^ao). Escola Nacional de Saude Publica, 
Funda§ao Oswaldo Cruz, Ministerio de Saude, Curitiba, PR, 
Brasil. Recuperado de 

http://www.saude.pr.gov.br/arquivos/File/PARA/Perfil_resid 
uos_de_agrotoxicos.pdf. 

[38] Sistema de Monitoramento do Comercio e Uso de 

Agrotoxicos do Estado do Parana (SIAGRO) (2019) Valores 
do volume comercializado de agrotoxicos nos municrpios 
paranaenses. Recuperado de 

http://www.adapar.pr.gov.br/modules/conteudo/conteudo.ph 
p?conteudo=389. 

[39] Siqueira, H. E. (2016). Vulnerabilidade ambiental dos 

recursos hidricos interceptados por rodovias na bacia do rio 
Uberaba (Disserta§ao de Mestrado em Agronomia). 
Faculdade de Ciencias Agrarias e Veterinarias, Universidade 
Estadual Paulista (UNESP), Jaboticabal, SP, Brasil. 
Recuperado de 

https://repositorio.unesp.br/handle/l 1449/134298. 

[40] Siqueira, H. E.; Pissarra, T.C.T.; Valle Junior, R.F.; 
Fernandes, L.F.S.; PACHECO, F.A.L. (2017). A 
multicriteria analog model for assesing the vulnerability of 
rural catchments to road spills of hazardous substances. 
Enviromental Impact Assement Review. 64, 26-36. 


[41] Souza, T. (2009) Analise de Multicriterio aplicada ao 
diagnostico do risco ambiental do transporte rodoviario de 
produtos perigosos: um estudo de caso sobre a BR 381. 
Anais XIV Simposio Brasileiro de Sensoriamento Remoto, 
Natal, RN, Brasil. 4465-4472. 

[42] Superintendece of Water Resources Development and 
Enviroment Sanitation. (2007). Watersheds Parana. 
http://www.aguasparana.pr.gov.br/modules/conteudo/conteu 
do.php?conteudo=80. 

[43] Teixeira, M. S. (2010). Analise e prognostico dos acidentes 

no transporte rodoviario de produtos perigosos no 
municipio de Sdo Paulo (1989 a 2008) - Situagao e cendrios 
de risco (Disserta§ao Mestrado em Tecnologia Ambiental). 
Instituto de Pesquisas Tecnologicas do Estado de Sao Paulo, 
SP, Brasil. Recuperado de 

https://cetesb.sp.gov.br/emergencias-quimicas/wp- 
content/uploads/sites/22/2013/12/Analise-Prognostico- 
Acidentes-Transp-Rod-Produtos-Perigosos-SP-1989- 
2008.pdf. 

[44] Tinoco, M. A. C.; Nodari, C. T.; Pereira, K. R. S. (2016) 
Vulnerabilidade ambiental, social e viaria em acidentes com 
transporte de produtos perigosos: estudo de caso na BR 101 
entre Osorio e Torres, Rio Grande do Sul. Caderno Saude 
Publica, Rio de Janeiro, 32,9, 1-13. Doi: 10.1590/0102- 
311X00112815. 

[45] Troglio, J.; Nodari, C. T.; Callegaro, A. M. (2018). Proposta 
de Metodo para Avaliagao do Risco Potencial de Acidentes 
no Transporte Rodoviario de Produtos Perigosos. Anais do 
32° ANPET, Congresso de Pesquisa e Ensino em 
Transportes, Gramado, RS, Brasil, 1-12. 

[46] Viana, V. J. (2009) Riscos Ambientais associados ao 
transporte de produtos perigosos na area de Influencia da 
ETA Guandu-RJ. 157 f. Dissertajao (Mestrado em 
Engenharia Ambiental) - Universidade do Estado do Rio de 
Janeiro, Rio de Janeiro. 

[47] Wongtschowski, P. (2002) Brazilian Chemistry - Always 

shining brightly!. Journal of the Brasilian Chemical Society, 
23, (11), 1955-1956. Doi: 10.1590/S0103- 

50532012001100001 


www.iiaers.com 


Page | 202 





